In hard grain systems, the normalized shear stress µ = τ/P and the volume fraction φ depend only on the dimensionless inertial number I. The relations µ(I) and φ(I) constitute the local rheology relations [1] . In the application of the rheological laws to model time-dependent flow regimes it is assumed that they retain their form. We analyse the rheological response in time-dependent planar Couette flows using molecular dynamics simulations [2] . The set-up consists in a 2D dry granular frictional medium interacting with visco-elastic forces [2, 3] , confined between two rough walls. The walls are moved at imposed velocities to produce a planar Couette flow and the system is periodic in the flow direction. Initial configurations are prepared with different global volume fractions φ G under shear.
To highlight the evolution in the two phases, for illustration purposes only, in the top figure we o↵set on both axis the relaxation curve for G = 0.776. First, during ⌧ 1 the system does not follow the local rheology and the volume fraction increases until a maximum value is reached. In the second phase, of duration ⌧ 2 , the local rheology µ(I) is fulfilled but the volume fraction, which decreases monotonically while I increases, is not To highlight the evolution in the two phases, for illustration purposes only, in the top figure we o↵set on both axis the relaxation curve for G = 0.776. First, during ⌧ 1 the system does not follow the local rheology and the volume fraction increases until a maximum value is reached. In the second phase, of duration ⌧ 2 , the local rheology µ(I) is fulfilled but the volume fraction, which decreases monotonically while I increases, is not given by the steady state relation (I). To highlight the evolution in the two phases, for illustration purposes only, in the top figure we o↵set on both axis the relaxation curve for G = 0.776. First, during ⌧ 1 the system does not follow the local rheology and the volume fraction increases until a maximum value is reached. In the second phase, of duration ⌧ 2 , the local rheology µ(I) is fulfilled but the volume fraction, which decreases monotonically while I increases, is not given by the steady state relation (I). Fig. 1 ).
